Osmotic dehydration conditions for strawberry were optimized using central composite rotatable design. The optimal conditions included osmotic dehydration temperature of 59.5 ∘ C, osmotic dehydration time of 245.6 min, and sorbitol concentration of 66.8%. Water loss (WL) exhibited a response value of 52.5% and was mainly influenced by sorbitol concentration ( ≤ 0.01), followed by osmotic dehydration temperature ( ≤ 0.01) and time ( ≤ 0.01). The optimal condition was validated and found to be fitted well with the experimental data. The osmotic dehydration of strawberry was significantly influenced by osmotic dehydration temperature and time and sorbitol concentration. Based on the parameters of ANOVA, the predicted model for WL rate established by response surface quadratic regression provided an adequate mathematical description of the osmotic dehydration of strawberry.
Introduction
Strawberry is a highly perishable fruit with intense metabolic activity after harvest. Its consumption was restricted to a short period of time because of the presence of enzymes and microorganisms. Thus, new preservation techniques are needed.
Osmotic dehydration is a potential preservation technique for producing high-quality products and is widely used for partial removal of water from food materials by immersion in an osmotic solution. Osmotic dehydration exhibits many benefits in the food industry; this process features energy efficiency, reduced packaging and distribution cost, and lack of chemical treatments and generates high-quality and stable products during storage [1] [2] [3] . This process is usually followed by other drying methods, such as air drying or freeze drying, to obtain products with improved quality [3] [4] [5] [6] .
When the strawberry samples are soaked in the concentrated solutions, three simultaneous mass transfer phenomena occur; these phenomena include flow of water from the product to the solution, transfer of solute into the product, and leaching of the components of the product. Mass transfer continues from the surface to the center of the strawberry with increasing dehydration time. Finally, cells in the center of the strawberry lose water to reach the equilibrium mass transfer flux. The pressure difference between the strawberry and solution gives rise to simultaneous counter-current water diffusion from the strawberry into the solution and solute diffusion into the strawberry [7, 8] . Moisture is mainly removed by capillary flow and diffusion; meanwhile, leaching and solute uptake occur through diffusion [3, 9] .
Moraga et al. [10] applied osmotic dehydration as initial pretreatment before convective drying process for strawberries. Osorio et al. [11] reported that the osmotic dehydration of tamarillo and Andes berry decreased the water activity and enhanced the elution of flavor constituents and anthocyanin into the osmotic solution. Azoubell and Francinaide [12] investigated the effect of osmotic dehydration on mango fruit by varying osmotic temperature ∘ C), solution concentration (40-60%), and immersion time (60-150 min); the maximum water removal was obtained under the optimal 2 Journal of Food Quality condition comprising sucrose solution of 44%, processing time of 80 min, and temperature of 38 ∘ C. Therefore, the rate of mass transfer during osmotic dehydration is influenced by many factors, such as type and concentration of osmotic agents, temperature, agitation, solution to sample ratio, thickness of food material, and pretreatment [13] [14] [15] [16] [17] [18] .
Response surface methodology (RSM) is an effective mathematical tool for optimizing independent factors that influence responses in a given set of experiments [19] . RSM not only defines the effect of independent variables but also their interaction effects [20] . Meanwhile, osmotic dehydration parameters for strawberry must be optimized before industrial application. Therefore, the present study aims to determine the optimal osmotic dehydration conditions of independent variables (osmotic temperature, time, and solute concentration) for strawberry and validate the optimized conditions based on water loss rate by using RSM coupled with central composite rotatable design. In addition, the effects of different solute concentrations on strawberry water loss (WL) and solid gain (SG) rates were analyzed.
Materials and Methods

Sample Preparation.
Strawberries of Hongyan cultivar were obtained directly from a producer from Fu jiabian town (Nanjing, China). The average values of single weight, pH, and total soluble solid contents in the strawberries were 16.2 g, 4.1, and 5.1 brix, respectively. The fruits were washed and cut into cubes (1 × 1 × 1 cm) to prepare samples.
Osmotic Dehydration
Treatment. D-Sorbitol (≥98%, Sigma-Aldrich Corporation) was chosen as the osmotic solute. The strawberry cube samples were subjected to osmotic dehydration under different temperatures, times, and sorbitol concentrations based on the experimental design. The ratio of the strawberry cubes to the osmotic solution was 1 : 8 by weight. The vessel was installed in water bath with frail agitation of 100 rpm and was covered with a wrap to prevent evaporation. After the osmotic treatment, the samples were removed from the osmotic solution, washed with distilled water, and blotted gently with a tissue paper to remove adhering water for the next analysis [21, 22] 
Optimization of Osmotic Dehydration Using Central Composite Rotatable Design.
A central composite rotatable design was used to optimize the conditions for osmotic dehydration of strawberry cubes. Osmotic temperature, time, and sorbitol concentration were taken as independent variables to optimize WL rate and determine the efficiency of osmotic dehydration. The experimental data were fitted using multiple linear regression in [23, 24] 
where is the WL rate, and are the linear and quadratic coefficients, respectively, and represent three independent variables, and 0 , , , and are the regression coefficients. Table 1 shows the three independent variables and level coded values determined by Design Expert software, 7.0 (StatEase, Inc., MN, USA).
Mass Transfer Determination.
The samples were prepared following the central composite rotatable design; then the process kinetic variables of WL and SG rates of the samples were calculated as described by Singh et al. [25] and Falade et al. [26] by using
where 0 and 0 are the initial mass weights of the strawberry samples and the dry solid mass in the samples (g), respectively; and are the mass weights of the samples and the dry solids (g) in the samples after the osmotic dehydration time .
Results and Discussion
Fitting the Model.
In this study, central composite rotatable design coupled with RSM was used to optimize osmotic dehydration for strawberry cubes. The response of WL rate was selected on the basis that the response directly influenced the drying efficiency of the product. The three independent variables, namely, osmotic temperature, time, and sorbitol concentration (coded , , and , resp.) were used to optimize the response of WL rate coded . The experimental design and obtained values are shown in Table 2 . Regression analysis of the response was conducted by fitting a suitable quadratic model in the case of the response variable to assess how well the model represented the data. The results of the analysis of variance (ANOVA) for the WL rate regression model are shown in Table 3 . According to the estimated regression coefficients of the quadratic polynomial model in Table 3 , nonsignificant factors were removed. The regression model was obtained to express the relationship between the investigated variables and WL rate of the samples: 
The value implied that the model was very significant ( < 0.01) and accurately predicted the WL rate of the samples. As shown in Table 3 , osmotic time, sorbitol concentration, and temperature significantly affected the strawberry osmotic dehydration rate ( < 0.01); the model of Prob > F and less than 0.01 indicated that the regression equation exhibited high significance and reliability. Meanwhile, the coefficient 2 of the regression model was found to be 0.990, greater than 90%, indicating the significant relationship between the independent variable and the response value. The ANOVA for the lack of fit test indicates that the model could adequately fit the experimental data ( < 0.05).
Effect of Osmotic Dehydration Variables on WL Rate for Strawberry Samples.
Response surface analysis was applied to the experimental data (Table 2) , and ANOVA was conducted to examine the statistical significance of the WL rate regression model (Table 3) . Osmotic temperature ( ), time ( ), and sorbitol concentration ( ) significantly affected ( < 0.01) the WL rate of the samples at the linear level. The coefficients of linear terms in the regression equation (3) indicated that the WL rate of the samples was mainly influenced by sorbitol concentration ( ≤ 0.01), followed by osmotic temperature ( ≤ 0.01) and time ( ≤ 0.01).
In addition, the interaction of osmotic time and sorbitol concentration ( ) had a highly significant effect ( < 0.01) on WL rate within the investigated range, and quadratic term of osmotic time had significant effect ( < 0.01). Figure 1 shows the response surface plot and contour plot of strawberry WL rate under the effects of input parameters of osmotic temperature, time, and sorbitol concentration, considering the interactive effect of variables. Some profiles for the quadratic response surface plot in the optimization of the two parameters were obtained by keeping the other parameter at zero levels for WL rate in order to visualize the interaction effect of the two factors on the response. As shown in Figure 1(a) , the WL rate first gradually increases with increasing osmotic temperature and time and subsequently approaches a maximum point. It is consistent with the reports by Lombard et al. [27] , where water loss and solids gain increased with temperature and solute concentration during osmotic dehydration of pineapple pieces. This trend may be rationalized by considering that the swelling of cell membrane and plasticizing effect enhance the permeability of the membrane, and thus the intracellular free water movement speed in strawberry accelerates with increasing osmotic temperature [3] . The WL rate will gradually decrease with decreasing amount of free water. When the osmotic pressure between the solution and the internal strawberry cells reaches the equilibrium, the WL rate of strawberry will not change. Figures 1(b) and 1(c) demonstrate the similar trends that the WL rate first increases and subsequently maintains a steady state under the interaction between two parameters.
Determination and Experimental Validation of Optimal
Conditions. Process parameters can be optimized by finding the stationary point of the model equation in the ranges of tested independent parameters [24] . The optimal conditions were determined by maximizing the desirability of the WL rate. The optimal conditions included osmotic dehydration temperature of 59.5 ∘ C, time of 245.6 min, and sorbitol concentration of 66.8% with a predicted response value of 52.50% for WL rate. A confirmation test was conducted using the optimum parameters identified by RSM to verify the adequacy of the regression models. The fitted values predicted by the models were compared with the experimental data. Under these optimal conditions, the experimental value of WL rate is consistent with the predicted value with 4.28% difference (Table 4) .
Effect of Sorbitol Concentration on WL and SG Rates.
Changes in WL and SG rates for strawberry osmotic dehydration in different sorbitol concentrations at a temperature of 60 ∘ C were shown in Figure 2 . From Figure 2 (a), WL rate rapidly increased in the first 5 h of osmosis, then increasing slowly in 40%, 60%, and 80% sorbitol concentrations. This phenomenon is due to the largest pressure difference between the strawberry cells and the surrounding hypertonic solution, thereby promoting the osmotic dehydration of strawberry in the initial stage of the penetration process and inducing rapid diffusion of the water molecules. As osmotic dehydration time continues, the pressure difference gradually decreases and the structural changes in strawberry tissues gradually occur, the mass transfer approaches the dynamic equilibrium. The WL rate increases with increasing sorbitol concentration, consistent with some other reports. Lenart [28] founded that increasing the concentration of an osmotic solution led to high WL rate until the equilibrium level was achieved; by contrast, low-concentrated sucrose solution led to small WL and SG rates [29] .
The strawberry SG rate showed similar trends in 40%, 60%, and 80% sorbitol concentrations (Figure 2(b) ). The SG rate increased continuously throughout the osmotic dehydration time in the test range, and the increase in the sorbitol concentration could raise the SG rate. High concentration promotes sorbitol mass transfer from the solution to the strawberry cells. The difference in osmotic potential between the solution and the fruit sample resulted in a high diffusion rate of the solute and water [3, 6, 30] . Therefore, the concentration of an osmotic solution affects the mass transfer kinetics during osmotic dehydration [18] .
Conclusion
The optimization of the osmotic dehydration conditions for strawberry was examined using the RSM. The optimal conditions comprised osmotic dehydration temperature of 59.5 ∘ C, time of 245.6 min, and sorbitol concentration at 66.8% with a response value of 52.5% for the WL rate. Moreover, the WL rate of the samples was mainly influenced by sorbitol concentration ( ≤ 0.01), followed by osmotic temperature ( ≤ 0.01) and time ( ≤ 0.01). The optimal condition was validated and found to be fitted well with the experimental data. Therefore, osmotic dehydration of strawberry highly depends on osmotic temperature, time, and solute concentration. The predicted model for WL rate established by the response surface quadratic regression provided an adequate mathematical description of strawberry osmotic dehydration based on the parameters of ANOVA for the model.
Additional Points
Practical Application. Osmotic dehydration is accepted as an important method for obtaining minimally processed products. In recent year, demand on intermediate moisture strawberry by using osmotic dehydration has sharply increased in global market. This study aims to optimize processing conditions for osmotic dehydration of strawberry for reducing the dehydration time and producing highquality products.
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